Puberty onset is a complex trait regulated by multiple genetic and environmental factors. In this 25 study, we narrowed a puberty related QTL down to a 1.7 Mb region on chromosome X in female mice 26 and inferred miR-505-3p as the functional gene.
Introduction 55
Puberty onset is an essential and complicated physiology process that relies on the activation of 56 hypothalamic-pituitary-gonadal axis(HPGA).The pulsatile secretion of GnRH hormones from the 57 specialized neurons in the hypothalamus trigger gonadal hormones secreting cascade that results in the 58 maturation of sexual behaviors and signal the transition from non-reproductive juvenile into a fertility 59 competent adult [1, 2] . The dysregulation of pubertal development shows relevance to later health risks 60 for type 2 diabetes, cardiovascular disease, breast cancer and other health disorders [3] . revealed. In 2017, genome-wide association studies including genotype data of up to ~370,000 women 68 identified 389 independent signals for age at menarche, ~250 genes were implicated via coding 69 variation or associated expression [7] .The maternal imprinted gene MKRN3 was the first gene 70 identified with an inhibitory effect on GnRH secretion. It was related with central precocious puberty 71 by whole-exome sequencing of pedigree samples [8] . System biology strategies revealed that at least 72 three gene networks might contribute to the puberty onset [9] .
73
In our previous studies, we isolated a QTL (quantitative trait locus) on Chromosome X affecting 74 the vaginal opening in female mice [10] . In this study, We narrowed the QTL down to a 1.7Mb region 75 by constructing 8 interval-specific congenic strains (ISCSs) between C57/BL6 (B6) and C3H/He(C3H) 76 mice. Among the genes in this region, miR-505-3p was assumed to be the potential candidate of miR-505-3p in newborn rat brain in response to the prenatal stress [16] . Moreover，miR-505-3p 85 was proved to induce apoptosis in MCF7-ADR cells, and functioned as a tumor suppressive miRNA 86 [17] , its first validated target by experiments was the alternative splicing factor/splicing factor2 87 (ASF/SF2 or SRSF1) [18] , which is a regulator of mTOR (the mammalian Target of Rapamycin) 88 pathway [19] , while the activated mTOR signaling could accelerate the vaginal opening in female rats 5 89 [20] . Such indirect evidence tempted us to clarify the authentic relationship between miR-505-3p and 90 the mammalian puberty onset regulation.
91
In this study, we conducted overexpression of miR-505-3p in the hypothalamus of prepubertal 92 female mice through lentivirus-mediated orthotopic injection. We also constructed miR-505-3p 93 knockout mice (miR-505-3p -/-) by CRISPR/Cas9 technology. The impact of miR-505-3p on the 94 female puberty was evaluated by the measurement of pubertal events and histological analysis in these 95 genetically modified mice. The results showed that female mice with ectopic expression of miR-505-3p 96 in the hypothalamus manifested later puberty onset timing, compromised fertility, higher abortion rate 97 and smaller litter size. While miR-505 knockout female mice showed lightly earlier vaginal opening 98 and shorter interval time between mating and delivery. Srsf1 was proved to be the target gene of 99 miR-505-3p that played the major role in this process. The results of RNA 100 Immunoprecipitation-Sequencing (RIP-Seq) showed SF2, the protein of Srsf1 gene, mainly bound 101 ribosome protein (RP) mRNAs in GT1-7 cells.
102
All these results suggest that miR-505-3p may regulate the puberty onset via modulating the 103 expression of Srsf1 gene and RP. They give us insights into a new regulating pathway involving 104 microRNA, SF2 and ribosome proteins in mammalian puberty onset.
105

Results
106
MiR-505-3p was identified as a functional candidate gene in the QTL on chromosome X
107
We have identified a 9.5Mb (2.5cM) QTL that regulates the puberty onset of female mice on 108 chromosome X in our previous work. To narrow down the QTL further, 8 interval-specific congenic 109 strains (ISCSs) with intervals within this region of B6 chromosome X were substituted into C3H 110 background in the N7 generation, in which we recorded the age at VO and body weights of all female 6 111 mice. Nonparametric tests showed that strain# 1~3, 7 and 8 showed significantly different VO age from 112 the parental strain C3H, while strain #4~6 didn't. Based on the QTL information and allele distribution 113 among those strains, we ascertained a shrunk QTL of about 1.6Mb between rs13483770 and 114 rs299055848 ( Fig 1A, S1 Table) .
115
There are 19 genes in the QTL region (rs13483770~rs299055848) on chromosome X, including 116 seven pseudogenes, four ncRNAs, seven protein-coding genes, and one microRNA gene. To screen for 117 the candidate gene(s), we referred to Sanger database to search for the DNA sequence variations 118 between C3H and B6 mice in this region. Data showed that there were no SNPs, short indels or 119 structural variants lying in the coding region, 5' or 3' UTR of these genes except for mir-505, as 120 sensible variations of 5 consecutive SNPs existed near 5' upstream region of mir-505 gene (S2 Table) .
121
To confirm the results from Sanger database, we did DNA sequencing for the interested regions of the 122 19 genes, and found no exceptions. We compared the mRNA expression levels of the seven 123 protein-coding genes in HPG axis between B6 and C3H female mice in order to find out the 124 differentially expressed genes. Six of them were expressed in mouse HPGA except for the gene of 125 Gm7073, but they made hardly significant differences in the amount of accumulation between the two 126 strains, especially at the hypothalamus or pituitary ( Fig 1B) . On the other hand, miR-505-3p of B6 was 127 expressed higher in the hypothalamus than that of C3H ( Fig 1C) at postnatal 15 days, and lower in the 128 pituitary and ovary at postnatal 45 days. We investigated the temporal and spatial expression pattern of 129 miR-505-3p in B6 female mice, and found that mir-505-3p was most abundant at hypothalamus in the 130 four tested tissues including pituitary, ovary and muscles (Fig1D); it reached its peak value of 131 expression at neonatal period (PD5) and decreased gradually afterwards (Fig1E), which implied its 132 inhibiting role in the sexual maturation process. The integrated evidence suggested that miR-505-3p 7 133 deserved further investigation as a functional candidate gene.
134
We constructed a GT1-7 cell line with stable overexpression of miR-505-3p named pGT1-7. In 135 pGT1-7 cells, the expression level of miR-505-3p increased by 1500 times than the GT1-7 cells(S1 
182
We then analyzed serum levels of the pituitary gonadotropins luteinizing hormone (LH) and 183 follicle-stimulating hormone (FSH), and the results showed a remarkable increase in female knockout 184 mice ( Fig 5D) . Moreover, the size of the litter was larger in knockout mice than wild type, and 185 heterozygous knockout mice showed more dystocia in female mice and more dead off springs at 48h 186 (Table 1) . Hematoxylin-eosin stained ovarian sections of miR-505-3p knockout mice showed more 187 corpus luteum ( Fig 5E) . Srsf1, Kiss1 and Gnrh in hypothalamus of miR-505-3p knockout mice and 188 wild mice at different postnatal days were also detected, and the results showed knockout mice had 189 higher expression levels ( Fig. 6 ).
190
Srsf1 was proved to be a target gene of miR-505-3p in GT1-7 cell line
191
We performed the Gene ontology analysis on the gene expression profilings data from the 192 microarray detection between pGT1-7 and GT1-7 cells. 1490 genes were upregulated and 604 genes 193 were downregulated in the pGT1-7 cells. Among these genes, we screened for the miR-505-3p target 197 by binding to their 3'UTR. The results indicated that the other three genes except for CADM1 could be 198 the target genes of miR-505-3p (S5 Fig A, B) . Integrated with their functional annotation, Srsf1 was 10 199 selected preferentially for further investigation. Given that SF2 was proved to be a regulator of mTOR 200 signaling, we analyzed the phosphorylated status of S6K in pGT1-7 cells, but the amount of p-S6K 201 made no difference between GT1-7 and pGT1-7 cells (S5 Fig C) .
202
The accumulation of SF2 protein was less in pGT1-7 cells than in GT1-7 cells (Fig.7A ). Knocking Table 2) .
218
We performed the KEGG analysis on the transcriptome data compared pGT1-7 with GT1-7 cell.
219
The result showed ribosome and ribosome biogenesis in eukaryotes pathway were both affected in Table. 323 
Generation of hypothalamic miR-505 overexpressing mice
